Background: The aim of this prognostic factor analysis was to investigate if a patient's self-reported health-related quality of life (HRQOL) provided independent prognostic information for survival in non-small cell lung cancer (NSCLC) patients.
introduction
It is now generally accepted that, in addition to the traditional assessment of clinical outcomes, such as overall survival or tumor response, patients' self reported health status data plays a key role in cancer research and recent examples provide a strong rationale for measuring it in a clinical trial setting [1] . An additional area of investigation which has become increasingly important is that of patients' self-reported health status and/or of heath related quality of life (HRQOL) parameters that may provide independent prognostic information. This evidence has been recently replicated in various studies using a variety of questionnaires such as the Functional Living Index-Cancer [2] , the Rotterdam Symptom Checklist [3] and the European Organisation for Research and Treatment of Cancer, Quality of Life Questionnaire-Core30 (EORTC QLQ-C30) [4] [5] [6] . Overall, the identification of independent prognostic factors could lead to a better interpretation of clinical trial results and might give individual guidance for the clinicians in the decision-making process of choice of treatment options. In advanced-disease settings, this information could also assist clinicians to recalibrate clinical prediction of survival and optimize the use of palliative care [7] .
The majority of lung cancer patients are diagnosed with non-small-cell lung cancer (NSCLC). In addition, most patients with NSCLC present with locally advanced or metastatic disease that is incurable with existing treatment modalities [8] .
original article Treatment is palliative and the aim is to prolong survival with improvement or maintenance of HRQOL aspects [9] . Previous studies have investigated the prognostic value of HRQOL parameters in this population. Whilst they have clearly identified a robust relation between survival and HRQOL parameters in the multivariate analysis, conflicting results have been found with the specific HRQOL domains [10] [11] [12] . In addition, one major limitation of previous prognostic factor studies using the EORTC QLQ-C30 with advanced NSCLC patients is that they have failed to take into account the possible harmful multicollinearity amongst HRQOL variables which may affect the stability of the final model predicting survival [13] . This phenomenon is relevant in multiple regression analyses when two or more predictor variables are so highly correlated that odd results could be obtained (e.g. parameter estimate of incorrect magnitude or incorrect sign) possibly also leading to incorrect model selection. Given the above evidence, the main objective of this study was to evaluate whether pretreatment patients' reported HRQOL data in NSCLC patients independently predicted overall survival by also controlling for key socio-demographic and biomedical data. In addition, a previously developed bootstrap model averaging technique was applied to obtain better insight into the stability of the final model predicting survival [13] . We used data obtained from a randomized clinical trial comparing three different chemotherapy regimens in patients with advanced NSCLC (EORTC 08975).
patients and methods

study design
This study is based on data from an international prospective multicenter randomized controlled trial (RCT) in advanced NSCLC patients, conducted by the EORTC Lung Cancer Group (EORTC Study 08975). Overall 480 patients were randomly assigned from 29 institutions. Patients were randomized to receive paclitaxel 175 mg/m 2 on day 1 followed by cisplatin 80 mg/m 2 on day 1 (arm A), gemcitabine 1250 mg/m 2 on days 1 and 8
and cisplatin 80 mg/m 2 on day 1 after gemcitabine (arm B), or paclitaxel 175 mg/m 2 on day 1 followed by gemcitabine 1250 mg/m 2 on days 1 and 8 (arm C). All treatment cycles were repeated every 3 weeks. Full details of treatment schedule and treatment-related clinical outcomes have been previously reported [14] .
patients
To be eligible for inclusion in the original trial, patients had to be diagnosed with histologically or cytologically confirmed NSCLC stage IIIB and stage IV. Additional eligibility criteria included age between 18 and 76 years, WHO performance status £2, measurable disease and no previous chemotherapy. The study, approved by the EORTC protocol review committee and the ethics committee of each participating center, was conducted in compliance with the Helsinki declaration. All patients provided written informed consent.
HRQOL pretreatment assessment and variables examined
Pretreatment HRQOL data were measured by the EORTC QLQ-C30 (version 3.0) [15] , which is a measure validated for a generic cancer population and also by the EORTC Lung Cancer module (QLQ-LC13) [16] . The QLQ-LC13 is a measure specifically validated on lung cancer patients. They both have robust psychometric properties resulting from their use in many international cancer clinical trials [17] . In these questionnaires higher scores on the functioning scales represent higher level of functioning, whilst higher scores on the symptom scales represent higher subjective perception of the symptoms. The EORTC QLQ-C30 is a core measure designed to be supplemented with the disease specific QLQ-LC13 developed and validated specifically in patients with lung cancer. Both instruments were available in the language of all participating patients (in translation) following EORTC procedures [18] . Assessments were performed at baseline within a time window of 14 days before or after randomization, but in any case before treatment start. Wherever possible, the questionnaires were administered at the hospital, in a room where the patient would not be disturbed. EORTC guidelines for administering questionnaires were provided, ensuring a standard approach to the collection of HRQOL data. The EORTC QLQ-C30 scores were calculated using the recommended EORTC procedures [17] . These involved transformation of raw scores into a linear scale ranging from 0-100 with a higher score representing a higher level of functioning or higher level of symptoms. In order to reduce the risk due to multiple testing, we investigated the correlation matrix among all variables and excluded from the analysis, a priori, the HRQOL variables which were expected to have no prognostic value and had high intercorrelation with other scales. The following scale from the EORTC QLQ-C30 and QLQ-LC13 were then included: global quality of life scale, emotional, social and physical functioning, nausea and vomiting, pain, appetite loss, dyspnea (combined with the dyspnea scale of the QLQ-LC13), coughing and dysphagia. The HRQOL variables described above were all included as continuous factors, using data from baseline assessments. Key socio-demographic and biomedical variables were also included: age (continuous), gender (male versus female), stage of disease (IIIB versus IV), histological subtype (squamous versus non-squamous), and performance status (0 to 1 versus 2). These were based on previous clinical evidence [14] . Treatment was taken as a stratification factor.
statistical analysis
All the following analyses were conducted on 391 patients, of the pooled sample of 480, having baseline HRQOL data enrolled in arm A (134), arm B (132) and arm C (125). Overall survival (OS) was measured from the date of randomization to the date of death (due to any cause). Patients still alive at the time of analysis were censored at the last date known to be alive. Survival curves and probabilities were estimated using the Kaplan-Meier technique. Differences between survival curves were assessed using the log-rank test. The Cox proportional hazards regression model was used for both univariate and multivariate analyses of survival [19] . For the analysis of prognostic factors for survival the proportionality assumption was checked for each of the variables under study by testing the dependency of their hazard ratio over time [20] . Pearson's correlation coefficients were used to investigate the association between different covariates. When using a stepwise variable selection procedure to identify independent factors prognostic for survival, variables were added using forward selection according to a selection entry criterion of 0.05 and removed using backward elimination according to a selection stay criterion of 0.05. The importance of a prognostic factor was assessed via Wald-type test statistics, the hazard ratio and its 95% confidence interval for survival. A level of 5% of significance was used for both biomedical and HRQOL variables. The replication stability of the final model predicting OS was also investigated, using a bootstrap re-sampling procedure as proposed by Sauerbrei et al. [21] applied in the context of HRQOL by Van Steen et al. [13] . This technique generates a number of simulation datasets (each the same size as the original data set), by randomly selecting patients and replacing them before selecting the next patient (i.e. bootstrap resampling). The frequency of inclusion of the component variables in the Cox PH regression models, including all the selected covariates and stratified for treatment, fitted to each of these data sets using automatic forward stepwise selection (entry level of a = 0.05), can be considered to be indicative for the importance of the factors [21] . However, as we are also interested in the best set of prognostic factors rather than in the best independent prognostic factor, we need to account for the correlation structure of the potential prognostic factors under consideration. Therefore, we calculated the model selection probabilities based on how many times a permissible model was selected in the bootstrap samples. These probabilities were then used as weights to obtain weighted averaged parameters [22] . All data analyses were performed using SAS version 9.1.
results
Clinical results have been reported separately [14] , however, median survival times for the treatment arms were as follows arm A, 8.1 months; arm B, 8.9 months; arm C, 6.7 months. Response rates were 32%, 37% and 28% for arm A, B and C, respectively. Characteristics of the 391 patients analyzed with HRQOL baseline assessment are reported in Table 1 . Patient characteristics at baseline in terms of stage, histology, treatment and performance status were well balanced amongst patients for whom HRQOL data were available or not. Baseline HRQOL scores were overall similar to other groups of patients with the same disease [23] . There was a significant difference in median survival between patients with and without baseline HRQOL data (data not shown). There were 302 deaths reported in the 391 patients with information available for all baseline variables considered and a valid baseline HRQOL form. This allows for an adequately powered analysis.
univariate analysis of survival
Amongst the sociodemographic and biomedical variables only performance status independently predicted survival (P = 0.013). Only emotional functioning, nausea/vomiting and coughing were not of prognostic value in the univariate analysis. Details are reported in Table 2 .
multivariate analysis of survival
The final Cox regression model retained performance status (P = 0.032), gender (P = 0.03), patients' self reported pain (P < 0.001) and dysphagia (P = 0.003). Details are reported in Table 3 .
bootstrap Model Averaging (MA)
To have greater insight into the stability of the final Cox multivariate model and evaluate the importance of a single variable being included as an independent factor, a state of the art bootstrap model averaging technique based on 5000 bootstrap-generated simulation datasets was run. Due to the missing data on the physical functioning scale, this was not included in additional bootstrap analysis. The results of the inclusion frequencies are listed in Figure 1 .
discussion
The main finding of this analysis is that patients' reported pain and dysphagia provide independent prognostic information for survival in advanced NSCLC patients. We observed an 11% and 12% increase in the hazard of death for every 10-point shift worse (i.e. higher score) in the scales measuring pain and dysphagia, respectively (Table 3) . The large patient sample (n = 391) consisted of a homogeneous population of NSCLC from a prospective multicenter randomized trial with sufficient follow-up and mature survival data allowing for an adequately powered analysis. Data collection procedure in this prospective study was of high quality, employing two HRQOL measures with robust psychometric properties. Furthermore, a recently developed state of the art statistical approach has been used to support and confirm the results obtained with the classical Cox analysis which is typically used in HRQOL prognostic factor studies. This statistical approach has been used in recent HRQOL prognostic factor studies providing insights into the stability of final predictive model [6, 24] .
The present findings have been observed whilst also taking into account key previously known socio-demographic and biomedical prognostic data. The original large randomized trial of this dataset previously identified (in the multivariate analysis) performance status as the only key factor predicting survival in this population [14] . Smit et al. [14] , showed that patients with performance status (PS) 0 to 1 had a median survival of 8.5 months, whereas those with PS 2 had a median survival of 3.3 months (P < 0.0001). In order to test the prognostic value of HRQOL parameters, we used the same starting sociodemographic and biomedical variables (as well as cut-off criteria) of the ones previously reported [14] . In addition to PS, the present analysis also identified patients' self-reported pain and dysphagia as well as gender as further independent prognostic information for duration of survival. Our finding of female gender and good PS as favorable independent prognostic factors of survival are also supported by a previously conducted large prognostic factor study involving 2,531 advanced NSCLC patients [25] .
Based on the variables in the multivariate model, three prognostic groups were also identified ( Figure 1 ). This risk Research in NSCLC has provided interesting, but often conflicting results. Some studies previously used the EORTC QLQ-C30 to assess the prognostic value of HRQOL parameters. Herndon et al. [10] in a baseline sample of 206 advanced NSCLC patients, found that in the multivariate analysis only pain was predictive of survival with an increase of 13% in the hazard of death for 20 point increase in the scale. This finding is in line with our results, confirming patients' self reported pain as a key prognostic factor in this population. In our study, pain was selected as an independent prognostic variable in 97.9% of the 5000 simulation multivariate analyses (Table 4 ) and was also the only consistent factor being included in all the top ten models (Table 5) . Langendijk et al. [26] analyzing 129 inoperable NSCLC patients of mixed stages (I, II, IIIa, IIIb) before undergoing treatment of high dose radiotherapy, found that the global QOL scale was the stronger prognostic factor in those who had pathological lymph nodes. Maione et al. [27] although measured HRQOL using the EORTC QLQ-C30 and the QLQ-LC13, only included in the prognostic factor analysis the global QOL scale of the EORTC QLQ-C30 without taking into account any other possible relevant prognostic scales. They found the pretreatment global QOL score was an independent predictor of survival in a large population of elderly advanced NSCLC patients. Brown et al. [28] identified global QOL, role functioning, fatigue, appetite loss and constipation as independent predictors of survival in a population of 239 NSCLC patients. Dysphagia was found to be prognostic in the univariate analysis but not in the final model. However, as a HRQOL prognostic factor investigation was not the main objective of their study, few details are provided regarding the analysis. Yet Montazeri et al. [11] found that only global QOL scale was significantly associated with survival in the multivariate analysis of 129 patients. However, due to possible harmful multicollinearity, previous evidence raised concerns about the interpretation of the global QOL scale of the EORTC QLQ-C30 being included in the final multivariate model [13] . Given this, it is difficult to clearly interpret the results of the above-mentioned studies which found this global QOL variable being prognostic.
The conflicting results in the literature could reflect the different methodologies used to analyze the data (as an example by selecting different cut off values for variables) or, alternatively, different selection of parameters to be included in the regression analysis. Nevertheless, the published studies do provide complementary evidence of the significant association between patients' self reported status using HRQOL parameters and survival. Further, other methodologically sound studies that have used different HRQOL self reported measures in NSCLC patients also confirm this robust association. Eton et al. [12] using the Functional Assessment of Cancer Therapy-Lung questionnaire found that a higher baseline score on the physical original article Annals of Oncology well being scale was independently associated to a lower risk of death (risk ratio of 0.95, P < 0.001). This research has limitations, one being that the median survival of the patients who provided HRQOL baseline data, in the original trial, was higher than patients who did not. Given this, it is possible that the sample of our study might reflect patients with better baseline health condition. Hence, some caution is needed as our sample might not be representative of the entire study population.
Whilst investigating the reasons underlying the association between HRQOL parameters and survival lies beyond the scope of this research, it is possible to speculate that, at least, patients' self assessment of their own health status provides a good and strong indicator of their prognosis independent of previously known traditional biomedical parameters. Further research is needed to identify specific HRQOL parameters being prognostic in various cancer disease sites; however, current evidence confirms the strong and independent link between patients' self reported health status and survival in advanced disease.
In conclusion, our findings indicate that patients' selfreported pain and dysphagia independently predict overall survival in advanced NSCLC. This analysis provides an evidence-based rationale for collecting HRQOL data in routine clinical practice as these could offer additional useful information for clinical decision-making.
